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a b s t r a c t
Catheter ablation is currently a routine clinical method for the treatment of heart rhythm
disorders. The presence of a ﬁlter in the lumen of the inferior vena cava represents a
mechanical obstruction that may complicate or contraindicate the procedure. Still, there is
not enough information available on this topic and there is no research data on the catheter
ablation of complex left atrial arrhythmias with a transseptal puncture in the presence of an
inferior vena cava ﬁlter. Our case report represents a successful complex electrophysiology
intervention in both the left and right atria with femoral venous access in a patient with an
inferior vena cava ﬁlter.
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.Introduction
Radiofrequency catheter ablation has become a routine
clinical method in recent years and in many cases it is also
the most effective treatment of arrhythmias. In less complex
heart rhythm disorders it can be performed through the
jugular or subclavian vein. However, the transfemoral
approach is preferred; it provides a minor risk of complica-
tions, more ﬂexibility and reduced radiation exposure
for physicians. It is also crucial for treating complex
arrhythmias. Any abnormalities in the anatomy or barriers* Corresponding author at  : International Clinical Research Center/St. A     
Republic. Tel.: +420 543 182 187; fax: +420 543 182 205.
E-mail address: jiri.jez@fnusa.cz (J. Jez).
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0010-8650/# 2015 The Czech Society of Cardiology. Published by Elsein the patency of veins can complicate or obviate the
procedure.
An IVC ﬁlter placement is a substitute method used in the
prevention of pulmonary embolism. In our background, the
device is used in only a small number of patients and its
efﬁcacy and safety is still a matter of debate [1,2]. Concerning
electrophysiology intervention with the transfemoral ap-
proach, only electrophysiology studies and catheter ablation
in the right atrium were performed in these patients [3–6].
Access through an IVC ﬁlter carries a high risk of complica-
tions, such as the dislodgment of the ﬁlter or the entrapment
of guide wires [7–12]. Catheter ablation of complex arrhythmianne's University Hospital in Brno, Pekarska 53, 656 91 Brno, Czech          
vier Sp. z  All rights reserved..o.o.
Fig. 1 – X-ray image showing transseptal sheaths passing
through an IVC filter (Vena TechTM LP Cava Filter).
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heart chambers in a patient with an IVC ﬁlter is not routinely
performed, which makes this procedure attractive. Such a
demanding procedure requires the use of more guide wires,
increases the risk of ﬁlter displacement or damage and also
makes the time frame of the intervention longer, thus
resulting in a greater risk of a thromboembolic complication
or bleeding.
Case report
A 70-year-old man with a history of thromboembolic disease
treated by anticoagulant therapy had an IVC ﬁlter (Vena
TechTM LP Cava Filter, B. Braun Interventional Systems Inc.)
placement performed in 2000. After an electrophysiology
study at our department in April 2011 (using a jugular and
subclavian vein approach), focal atrial tachycardia was
diagnosed and the appropriate medication therapy was
recommended. In March 2012, the patient underwent biopros-
thetic aortic valve replacement and double aortocoronary
bypass surgery and suffered from post-operative atrial
ﬁbrillation which was resolved by the administration of
amiodarone. Following the planned lower extremity vascular
surgery, a supraventricular tachycardia with a 2:1 block and
ventricular frequency around 130/min appeared and was
diagnosed as atypical atrial ﬂutter in June 2012. Electrical
cardioversion restored the sinus rhythm and the medication
was altered. In September 2012, the patient's condition
worsened, the recurrence of atypical atrial ﬂutter was reported
and a complex electrophysiology procedure was strongly
recommended.
Methods
After the patient's preparation the procedure was initiated by a
right subclavian vein cannulation and a decapolar catheter
(Inquiry, St. Jude Medical, Inc.) was inserted into the coronary
sinus using a 7 Fr sheath. The femoral vein was punctured and
two transseptal sheaths (SwartzTM FasthCath SL1, St. Jude
Medical, Inc. (8F) and AgilisTM, St. Jude Medical, Inc. (8.5F)) were
placed into the inferior vena cava (IVC) right below the IVC
ﬁlter. Angiography conﬁrmed the patency of the ﬁlter and
proved the absence of thrombus. Two straight guide wires
were used for the IVC ﬁlter crossing due to the potential
problematic nature of J-tip guide wires [9–11]. The ﬁlter was
passed without any complications by the over wire method in
the anteroposterior projection under continuous ﬂuoroscopic
guidance (Fig. 1). Sheaths were placed just below the right
atrium. All major manipulation during the procedure was
monitored by ﬂuoroscopy. Atrial ﬂutter of an average
frequency of 250/min with the earliest activation at the
interatrial septum (IAS) was recorded by passing a duodeca-
polar diagnostic catheter (HalloTM XP, Biosense Webster, Inc.) and
an ablation catheter (Celsius ThermoCool F Type, Biosense
Webster, Inc.) into the right atrium through transseptal
sheaths. Entrainment mapping detected a concealed entrain-
ment with a short post-pacing interval (PPI) in the upper region
of the IAS; the remainder of the right atrium did not contributeto the arrhythmia pathogenesis demonstrated by manifest
entrainment with a long PPI. Regarding the history of cardiac
surgery in the region adjacent to the left atrium and the
mechanism of the arrhythmia, non-isthmus-dependent atrial
ﬂutter originating presumably in the left atrium was declared
(Fig. 2).
Therefore a double transseptal puncture was performed
with continuous heparinization. Through a SL1 sheath a
duodecapolar diagnostic catheter (Reﬂexion SpiralTM, St. Jude
Medical, Inc.) was introduced and an Agilis sheath was used to
pass an ablation catheter (Celsius ThermoCool F Type, Biosense
Webster, Inc.); both catheters were introduced to the left atrium
(Fig. 3). A 3D electroanatomic map of this chamber was then
acquired supported by 3D rotational angiography. Entrain-
ment and activation mapping registered the earliest activation
in the right pulmonary veins region with intermittent
concealed entrainment with a short PPI. Mapping also
demonstrated extensive areas of ﬁbrosis in the anterior wall
with minimal or undetectable local potentials. Because of the
difﬁculty of the evaluation of the activation in this region the
right pulmonary veins were isolated, but no effect from this
procedure was observed.
Due to the futility of further mapping in this region, an
electroanatomic map of the adjacent structure of the right
atrium was created. Ongoing mapping revealed a small area in
the lower posterior part of the IAS with fractionated potentials,
concealed entrainment and an optimal PPI. The subsequent
delivery of RF ablation as far as the IVC caused a change in the
morphology of atrial ﬂutter and deceleration to a frequency of
200/min. A typical atrial ﬂutter was then documented
converting to sinus rhythm after an attempt at entrainment
on the CTI. Another RF lesion completed a bidirectional block
of the CTI.
Fig. 2 – Concealed entrainment of atrial flutter with a long PPI in the septal part of cavotricuspidal isthmus.
Fig. 3 – Positioning of the catheters and the transseptal
sheaths in the heart chambers.
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tachycardias were recorded with a frequency of 135/min. The
earliest activation was documented in the distal part of the
coronary sinus, resembling the original arrhythmia reported in
2011. Using conventional mapping, the earliest activation was
registered above the left atrial appendage base close to the left
superior pulmonary vein and this ectopy vanished after RF
ablation in this area (Fig. 4).
Results
Lastly, a bidirectional CTI block and the non-inducibility of any
arrhythmia were conﬁrmed. The catheters were removed and
the transseptal sheaths were pulled down across the IVC ﬁlter.
The appropriate position of the ﬁlter was evaluated with a
skiascopy and the procedure was terminated. No complica-
tions appeared during the course of hospitalization and the
patient was discharged with a stable sinus rhythm.
Discussion
Based on published cases, there are very heterogeneous
pictures of different catheter procedures in patients with an
Fig. 4 – 3D map of both the left and right atrium in LAO (a) and
RAO (b) projection with ablation lesions – around the right
pulmonary veins (blue), in the right atrium terminating non-
isthmus-dependent atrial flutter (red) and isthmus-
dependent atrial flutter (green), on the roof of the left atrium
close to the left superior pulmonary vein (orange).
c o r e t v a s a 5 7 ( 2 0 1 5 ) e 3 4 1 – e 3 4 6e344IVC ﬁlter. Indications for these interventions varied widely, as
well as the instrumentation used – namely central venous
catheters, EP catheters, large sheaths, cannulae of the left
ventricle assist device or left atrial appendage closure. But, as far
as we are concerned, not many cases of complex electrophysi-
ological intervention with a double transseptal puncture and
the successful ablation of several arrhythmogenic substrates in
different heart chambers have yet been documented.
The history of catheterization in patients with an IVC ﬁlter
goes back to the 1990s and presents about 50 cases worldwide
(Table 1). In 1991, Hansen et al. performed successful
diagnostic catheterization in seven patients with different
IVC ﬁlters, which had been placed from 1 day to 21 months
prior to the procedure [13]. Kussmaul et al. reported a case of
right-sided heart catheterization with transfemoral access in
ten patients with a Greenﬁeld ﬁlter in 2001 [14]. No
periprocedural complications were documented and the
period following the IVC ﬁlter implantation ranged from 5days to 8 years. An increasing number of reported cases
encouraged the performance of even more complicated
procedures. In 2003, Rhodes et al. performed a closure of an
interatrial septum defect in four patients with IVC ﬁlters
placed 6–24 months prior to the procedure using instrumen-
tation as large as 18 Fr. [15]. In 2007, Schoefﬂer et al. reported
about a similarly remarkable procedure in two patients
introducing more massive devices – balloon mitral valvotomy
and atrial septostomy [16]. There are also known cases of
electrophysiology studies and catheter ablations in the right
heart chambers. The Czech authors Haman et al. [3] reported a
successful RF ablation of cavotricuspid isthmus in 2006 and
the Turkish group of Erdoğan et al. did likewise in 2008 [4].
Kanjwal et al. [6] documented the catheter ablation of AVNRT
and atrial ﬂutter in ten patients. In some of the cases, he
advanced up to ﬁve catheters or sheaths through an IVC ﬁlter.
One curiosity arising among these interventional procedures
was the placement of the left ventricle assist device through
the ﬁlter, performed by Chiam et al. in 2008 [17], and also the
simultaneous closure of the left atrial appendage and a PFO,
recently published by Martínez et al. [18].
However, catheterization in a patient with an IVC ﬁlter still
remains a rare event without an adequate single centre
experience. Despite the potential risk of serious complications
associated with this procedure, it is surprising that none of the
studies above reported any. In 1997, Kang et al. described two
cases of Greenﬁeld ﬁlter dislodgment caused by the insertion
of central venous catheters only a few days after the ﬁlter
deployment. The other nine cases of ﬁlter dislodgment were
documented in the literature with ﬁlters being placed for up to
2 months and moving proximal or distal to the venous system,
even to the right atrium [10]. Since 1993, at least 17 cases of a J-
tip guide wire entrapped in the ﬁlter were reported, as stated
by Vinces et al. [11]. There are also cases describing ﬁlter
damage resulting in the malfunctioning of the device [7].
Presumably, not all complications in such procedures were
made known and the actual risks associated with the
intervention could therefore be misrepresented.
Based on the literature review and our own experience, it is
clear that certain precautions need to be taken. The correct
indication for the procedure is essential. The adequacy of the
period after the ﬁlter implantation is another important
aspect. In the presented cases the interval varied from 1 day
[13] to 12 years [4]. A higher risk of complications correlates to
performing the procedures soon after the ﬁlter placement
[7,10]. Thus we recommend waiting for 3–4 months to allow
ﬁlter implementation in the vessel wall and its endotheliza-
tion before performing the procedure [5,13]. Appropriate
periprocedural anticoagulation therapy and ACT or aPTT
monitoring in predisposed patients is also very important. A
higher occurrence in such patients or serious bleeding
complications is not reported. As referred to by most authors,
the patency of the ﬁlter and the absence of thrombi need to be
conﬁrmed by primary angiography. Although IVC ﬁlters were
successfully crossed even with J-tip guide wires [13], the
majority of authors used straight guide wires because of the
lower risk of an entrapment [9,11]. All manipulations in an IVC
ﬁlter are performed under ﬂuoroscopy guidance and safety is
also enhanced by avoiding advancing catheters directly
through the ﬁlter without introducing sheaths [11].
Table 1 – Reported procedures across IVC filters.
Reference Procedure Pts Type of ﬁlter Implant
duration
Greenﬁeld Vena
Tech
Birds
nest
Trap
Ease
Günter
Tulip
Opt
Ease
Unspeciﬁed
Hansen (1991) [13] PA 5 2 3 2 1 day to 21 months
IVC ﬁlter
placement
2
Kussmaul (2001) [14] Right heart
catheterization
10 10 5 days to 8 years
Recto (2002) [12] Transcatheter
PFO closure
1 1 Not reported
Rhodes (2003) [15] Transcatheter
ASD closure
4 2 2 6 days to >1 year
Henrikson (2004) [19] Extraction of
ICD lead
1 1 Not reported
Awadalla (2004) [20] Transcatheter
PFO closure
3 1 2 >4 weeks
Sinha (2005) [5] Pacing 1 3 months to
2 yearsEPS 1
Ablation 3 5
Haman (2006) [3] AFL 1 1 9 years
Schoefﬂer (2007) [16] MV 1 1 9 years
AS 1 1 1 year
Erdoğan (2008) [4] AFL 1 1 12 years
Chiam (2008) [17] LVAD 1 1 Not reported
Kanjwal (2008) [6] Palpitation 1 2x 3 months
to >1 yearAVNRT 4 4
AVRT 1 1
AFL 4 4
Martínez (2013) [18] MV 1 1 3 years
LAA + PFO
closure
1 1 6 years
Presented report CAA 1 1 12 years
Total 48 29 4 2 1 2 2 10 1 day to 12 years
The year of publication, number of reference and name of the ﬁrst author is indicated in the left column.
PA, pulmonary angiography; IVC ﬁlter, inferior vena cava ﬁlter; PFO, patent foramen ovale; ASD, atrial septal defect; ICD, implantable
cardioverter deﬁbrillator; EPS, electrophysiology study; AFL, atrial ﬂutter; MV, mitral valvuloplasty; AS, atrial septostomy; LAVD, left ventricular
assist device; AVNRT, atrioventricular nodal re-entry tachycardia; AVRT, atrioventricular re-entry tachycardia; LAA, left atrial appendage; CAA,
complex arrhythmia ablation.
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The presented case report accounts for the complex perfor-
mance of electrophysiological intervention with a transseptal
puncture, complete electroanatomic mapping and extensive
radiofrequency ablation in several heart chambers in a patient
with an IVC ﬁlter using the transfemoral approach. With
regard to the potential high risk of complications, it is
necessary to carefully consider the risk to beneﬁt ratio before
deciding on such an intervention for a patient. Due to the
limited number of patients with both an IVC ﬁlter and a heart
rhythm disorder suitable for catheter ablation, there is no
adequate single centre experience with the methodology of
these procedures. This is also why we cannot presume any
prospect of conducting a clinical trial focusing in detail on all of
the risks and aspects associated with these procedures.Conﬂict of interest
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